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CIRCUIT ARRANGEMENT HAVING LC 
PARALLEL TUNED DRIVE CIRCUITRY 

FIELD OF THE INVENTION 

The invention relates to a circuit arrangement for oper 
ating a lamp, in particular a loW-pressure discharge lamp. 

BACKGROUND OF THE INVENTION 

In such free-running circuits, the sWitching elements must 
be supplied With drive poWer in time With the sWitching 
frequencies. 

To this end, known arrangements use a separate current 
transformer, Which is designed either as a saturable-current 
(toroidal-core) transformer or as a transformer With de?ned 
air gap (Hirschmann, W.: “Elektronikschaltungen” Siemens 
AG, 1982, pages 148 and 150). 

The disadvantages of an arrangement of this type consist 
in that a separate, expensive Wound part is required, the 
manufacturing tolerances of Which at the same time have a 
decisive effect on the functional parameters of the overall 
arrangement. 

Another possibility consists in ?tting additional auxiliary 
Windings to the resonant or current-limiting inductor Which 
is already required (cf. L2 in FIG. 1) and applying the 
control signals thereby obtained to the gate or base inputs of 
the sWitching transistors via a phase-shifter netWork (P 41 29 
430.0). 

The disadvantage of a circuit arrangement of this type is 
that, at high DC voltage intermediate circuit voltages, the 
step-type component of the voltage across the resonant coil, 
caused by the sWitch-over of the half-bridge sWitches, is 
very strongly superimposed on the sinusoidal component of 
the voltage Which is de?ned by the resonant current oscil 
lation. As a result, the shape of the signal provided by the 
auxiliary Windings resembles a square-Wave function more 
than a sine function. The phase shifter proposed in the prior 
art (P 4129430.0) therefore operates only as a lag 
component, the capacitor of Which can no longer be dis 
charged during one RF period by-the sinusoidally decreas 
ing secondary voltage fast enough to ensure reliable sWitch 
ing off of the half-bridge sWitches during an on-load half 
cycle. 

SUMMARY OF THE INVENTION 

The object of the invention is to specify a circuit 
arrangement, of the type mentioned at the start, Which is 
produced Without a separate cost-intensive Wound part 
(saturable-current transformer, transformer With de?ned air 
gap) 

The object is achieved by a circuit arrangement Which is 
de?ned in the claims. 

The invention has a large number of advantages. 
The circuit arrangement according to the invention can be 

produced relatively cost-efficiently, since the circuit arrange 
ment requires only inexpensive Wound parts Whose manu 
facture can be fully automated. 

According to the invention, the phase-shifter circuit, 
knoWn per se, Which cannot deal With high DC voltage 
intermediate circuit voltages, is developed further in such a 
Way that, even at critical voltages of this type, stable 
operation of the overall arrangement consisting of the ballast 
and the lamp is ensured. 
An advantageous embodiment of the circuit arrangement 

according to the invention is characteriZed in that, in order 
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2 
to couple energy in from the load circuit, the LC parallel 
tuned circuit can be electrically connected to an auxiliary 
Winding on the at least one inductor of the load circuit 
through a resistor. This coupling of energy from the load 
circuit into the drive circuit using electrical connection is 
simple to produce and independent of geometrical manu 
facturing tolerances. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that, in order to couple energy from the load circuit into the 
LC parallel tuned circuit, the inductor of the LC parallel 
tuned circuit is only magnetically coupled to the inductor of 
the load circuit, and in that a resistor can be connected to the 
LC parallel tuned circuit (cf. FIG. 2). With this magnetic 
coupling betWeen the inductor of the LC parallel tuned 
circuit and the inductor of the load circuit, it is possible to 
do Without the auxiliary Windings on the inductor of the load 
circuit, by means of Which faster and less expensive manu 
facturing is achieved. The conductive track layout on the 
printed circuit board in furthermore simpli?ed. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the inductor of the load circuit has a magnetic circuit 
With an incorporated air gap, and the inductor of the LC 
parallel tuned circuit is con?gured With an external air gap 
or as an air-core inductor. This embodiment of the inductors 
of the LC parallel tuned circuit and of the load circuit 
permits optimum magnetic coupling and inexpensive pro 
duction of these inductors. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the drive circuit consists of circuit parts speci?c to the 
sWitching elements, and in that each circuit part speci?c to 
the sWitching elements has the LC parallel tuned circuit (cf. 
FIG. 1). Relatively fast dimensioning of the drive compo 
nents is thereby achieved. 

Further advantageous embodiments of the circuit arrange 
ment according to the invention are characteriZed in that, on 
the one hand, the natural resonant frequency of the LC 
parallel tuned circuits of each circuit part speci?c to the 
sWitching elements is the same and, on the other hand, the 
LC parallel tuned circuits of each circuit part speci?c to the 
sWitching elements have identical inductors and identical 
capacitors, respectively. The intended equal natural resonant 
frequencies and inductors as Well as capacitors of the LC 
parallel tuned circuits ensure symmetrical operation of the 
tWo sWitching elements of the invertor arrangement. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the inductors of the plurality of LC parallel tuned 
circuits are magnetically coupled. The magnetic coupling of 
the inductors of the LC parallel tuned circuits permits a 
reduction in the effect of manufacturing tolerances 
(tolerances in the inductors and capacitors) in the drive 
circuit. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the half-bridge arrangement is formed as tWo mutually 
complementary transistors, and in that the drive circuit in 
con?gured in such a Way that the LC parallel tuned circuit 
is connected, on the one hand, to the connection point 
(half-bridge mid-point) of the tWo sWitching elements and, 
on the other hand, to the tWo control inputs of the sWitching 
elements Which are connected together (cf. FIG. 13). In this 
case, one LC parallel tuned circuit suf?ces for driving both 
sWitching elements of the half-bridge, a further sWitching 
element, for example a transformer, not being required. 
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A further advantageous embodiment of the circuit 
arrangement according to the invention is characterized in 
that the drive circuit has a further sWitching element Which 
inverts a drive signal formed by the LC parallel tuned 
circuit, and in that the drive circuit in furthermore con?gured 
in such a Way that the drive signal of the LC parallel tuned 
circuit is fed to one sWitching element and the inverted drive 
signal of the LC parallel tuned circuit in fed to the other 
sWitching element, respectively (cf. FIG. 3). One advantage 
of this embodiment consists in that no asymmetries occur in 
the operation of the tWo sWitching elements of the invertor 
or that tolerances due to manufacturing in the components of 
the LC parallel tuned circuit have an equal effect on both 
sWitching elements. The costs for the further circuit part are 
partially compensated for in that only one auXiliary Winding 
in required on the inductor of the load circuit. Furthermore, 
the sWitching element TR may be designed in such a Way as 
to substitute for the inductor L3, L4 as Well. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the drive circuit has a further circuit part Which produces 
at a ?rst output a drive signal formed by the LC parallel 
tuned circuit in inverted form, and at a second output the 
drive signal of the LC parallel tuned circuit in non-inverted 
form, and in that the drive circuit is furthermore con?gured 
in such a Way that the control input of one sWitching element 
is connected to one output of the sWitching element, and the 
control input of the other sWitching element is connected to 
the other output of the sWitching element (cf. FIG. 4) This 
achieves the further advantage that the LC parallel tuned 
circuit may be at a reference potential Which is not simul 
taneously a reference potential of one of the tWo sWitching 
elements. 

Further advantageous embodiments of the circuit arrange 
ment according to the invention are characteriZed in that the 
further sWitching element is a transformer, the transformer 
having one or more secondary Windings, and each secondary 
Winding being assigned to at least one sWitching element of 
the invertor. The required DC isolation of the drive signals 
for the tWo sWitching elements of the half-bridge is pro 
duced by the transformer in simple fashion, speci?cally by 
the secondary Windings. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that the resistor through Which the auXiliary Winding can be 
connected to the LC parallel tuned circuit is linear, non 
linear or temperature-dependent. Although a linear resistor 
represents the most cost-ef?cient embodiment for this 
resistor, the use of a non-linear or temperature-dependent 
resistor permits the implementation of matching of the drive 
circuit to particular ambient conditions (for eXample high 
ambient temperature) or overall arrangement conditions (for 
eXample unusual lamp operating voltage). 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that a series circuit consisting of a diode and a resistor in 
connected in parallel With the LC parallel tuned circuit in 
such a Way that the half-cycle of the LC parallel tuned circuit 
during Which the control voltage at the control input of a 
sWitching element of the invertor is negative is more 
strongly damped so that the dead time of the half-bridge is 
eXtended (cf. FIG. 5). One advantage of this embodiment is 
that the duty ratio of the sWitching elements is altered in 
such a Way that the time for Which a sWitching element is 
activated is shorter Within one period. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
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4 
that, betWeen the LC parallel tuned circuit and the sWitching 
element a further resistor is arranged Which, during the 
charge-transfer phase of a sWitching load-reduction capaci 
tor by transfer of the charge of this capacitor, produces a 
voltage drop Which counteracts the drive voltage of the LC 
parallel tuned circuit so that sWitching-on of the sWitching 
element during the transfer of the charge of the sWitching 
load-reduction capacitor is prevented (cf. FIG. 6). AsWitch 
ing element should not be sWitched on until the freeWheeling 
diode of a sWitching element carries current. This is the case, 
in this embodiment of the circuit arrangement according to 
the invention, if the sWitching load-reduction capacitor has 
its charge fully transferred after the other respective sWitch 
ing element is sWitched off. The present embodiment makes 
it possible to make the sWitch-on time of a sWitching 
element dependent on the charge-transfer phase of the 
sWitching load-reduction capacitor. 

In conjunction With this, provision is furthermore made 
that a diode is connected in parallel With the further resistor 
in such a Way that its anode is connected to that terminal of 
the LC parallel tuned circuit Which is not connected to the 
control input of the sWitching element and that the cathode 
is connected to the reference potential of the sWitching 
element. This diode permits fast sWitching-off of the sWitch 
ing elements. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that, betWeen the control input of a sWitching element and 
the corresponding LC parallel tuned circuit, a pulse-shaping 
and impedance-converting quadripole is looped in Which 
accelerates the sWitching-off of the sWitching element (cf. 
FIGS. 7 and 8). This achieves an improved sWitch-off 
response of the sWitching elements and thereby minimiZa 
tion of the sWitching losses. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that a voltage-dependent damping component is arranged in 
parallel With the LC parallel tuned circuit (cf. FIG. 9). This 
damping component protects the control input of the sWitch 
ing elements from a voltage overload. 
A further advantageous embodiment of the circuit 

arrangement according to the invention is characteriZed in 
that a series circuit, consisting of a Zener diode and a resistor 
Which is connected to the anode of the Zener diode, is 
connected in parallel With the LC parallel tuned circuit, and 
in that the control input of the sWitching element is con 
nected to the anode of the Zener diode and the reference 
potential of the sWitching element is connected to the 
connection point betWeen the resistor and the LC parallel 
tuned circuit (cf. FIG. 10). Inserting the Zener diode 
achieves a seemingly higher threshold voltage of the sWitch 
ing element and thereby a reduction in the time for Which the 
sWitching element is activated by the LC parallel tuned 
circuit. 

This time is further shortened by an advantageous 
embodiment of the circuit arrangement according to the 
invention Which is characteriZed in that, in series With the 
inductor of the LC parallel tuned circuit, a parallel circuit 
consisting of a diode and a resistor is arranged in such a Way 
that the cathode of the diode and a terminal of the resistor are 
connected to the reference potential of the control input of 
a sWitching element, and that the anode of the diode and the 
other terminal of the resistor are connected to the inductor of 
the. LC parallel tuned circuit, or the anode of the diode and 
a terminal of the resistor are connected to the control input 
of a sWitching element and the cathode of the diode and the 














